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We, Imperial Chemical Industries 
Limited, of Imperial Chemical House, Mill- 
bank, London, S.W.I., a British Company, 
do hereby declare the invention for which we 
pray that a patent may be granted to us, and 
the method by which it is to be performed, to 
be particularly described in and by the follow- 
ing statement : — 

This invention relates to polymer moulding 
compositions. 

According to the present invention we pro- 
vide a polymer moulding composition com- 
prising at least 55% by weight of propylene 
monomer units, monomer units of a linear 
1-olefine having from 4 to 18 carbon atoms 
(hereinafter referred to as the second com- 
ponent) in amount of up to 35% by weight 
and having dispersed throughout rhe com- 
position polymer units of an o:-olefine (herein- 
after referred to as the third component) 
whereof the homopolymer has a crystalline 
melting point above 180° and preferably above 
260°C which is present in an amount of up 
to 10% and preferably less than 5% by 
v^^eight. Preferably the composition contains 
at least 2% by weight of the second com- 
ponent. 

We further provide a polymerisation oro- 
cess which comprises bringing propylene," the 
second component and the third component 
into contact with an «-olefine polymerisation 
catalyst and recovering a solid copolymer 
composition comprising at least 55% by 
weight of propylene monomer units, up to 
35% by weight of monomer units of the 
second component and polymer units of the 
third component in an amount of up to 10% 
by weight. 

The compositions of our invention in 
general have improved transparency compared 
with polypropylene homopolymer. In some 
cases the transparency is very much improved; 



for example, most of our compositions have 
a light transmission of at least 40%, and 
certain of the compositions are found to have 
a light transmission of 80%, in 1/16'' sec- 
tion. The average spherulite size of mouldings 
made from our compositions is in general 
below 5^, and frequently, in quenched mould- 
ingSj below la. Our compositions can also 
show better moulding behaviour than poly- 
propylene homopolymer, voids and sinking 
being reduced. 

Our physical properties of the polymers, 
e.g. stiffness and toughness, are dependent on 
the relative proportions of the three monomer 
components in the composition and the manner 
in which they have been incorporated. In 
general, the flexibility of the composition 
increases with increasing content of ^ second 
component. 

Butene-l is particularly suitable for use as 
second component on account of its cheap- 
ness and ready availability; octene-1 also 
gives good results. As third component 3- 
methyl pentene-1, 4,4-dimethylpentene-l (both 
giving homopolymers which melt_ above 
350^C\ vinylcyclohexane (homopolymer melts 
at 342<^C) and 3-methyl butene-l (homo- 
polymer melts at 310°C) are particularly 
suitable. 

Mixtures of two or more second com- 
ponents or two or more third components, 
or both, may be used; it is also possible for 
small quantities of ethylene units, e.g. up to 
10% by weight, to be incorporated in the 
copolymer composition. 

The function of the dispersed polymer 
units of the third component is to reduce the 
average spherulite size of the composition 
when moulded and hence improve its mould- 
ing and optical properties over those of poly- 
mer compositions containing propylene and 
the second component only. Surprisingly little 
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of the rhird component is sufficient for this 
purpose. Infra-red analysis of copolymer com- 
positions is not effective where the concentra- 
tion of the third component is below about 
0.5 to 1% by weight; yet compositions with 
improved properties may be obtained when 
third component has been present during the 
polymerisation reaction in amounts insufficient 
to give 0.5% by weight of third component 
in the final product. It will be seen, there- 
fore, that it is not practicable to give a 
quantitative lower limit to the amount of third 
component required in the composition. 

The manufacture of compositions according 
to the invention may be carried out in a wide 
variety of ways. Generally, to form polymer 
units of the third component this must be 
polymerised for a period in substantial absence 
of other monomers. This may be done before 
propylene or the second component have been 
polymerised, or after the polymerisation of 
either or both; it can be done more than 
once, though no advantage is found in so 
doing. It is particularly convenient to poly- 
merise the third component on a small scale 
before any or the bulk of the other com- 
ponents have been polymerised. This is be- 
cause of the slow polymerisation rate of the 
third component compared with the other two 
and the small amount of it required in the 
final copolymer composition; a large catalyst 
concentration may be used to increase poly- 
merisation rate, the small scale of the pro- 
cess makes a longer polymerisation time more 
economic, and recovery of unreached third 
component (if any) is easier on a small scale 
and in the absence of other monomers. How- 
ever, another possible way of working tlie 
invention is to add all three components to 
the catalyst together, and polymerise for an 
extended time. In this way the third com- 
ponent polymerises slowest and so is the last 
monomer to be exhausted; thus in the last 
stages of polymerisation third component 
polymer units are being formed in the sub- 
stantial absence of other monomers. 

It is convenient to use a stereospecific cata- 
lyst for the polymerisation. By a "stereo- 
specific catalyst" we mean one which under 
equivalent conditions will polymerise propylene 
in the absence of other monomers to solid 
polypropylene which is at least 70% insoluble 
in boiling n-heptane. Numerous catalysts which 
will do this are known to the art — for ex- 
ample, many suitable catalysts are described 
in Gaylord and Mark ''Linear and Stereo- 
regular Addition Polymers", Inrerscience, 
1959. Generally they comprise a compound 
of a transition metal from Groups IV to VI 
of the Periodic Table activated by an organo- 
metallic compound or metal hydride. Most 
widley used are those catalysts which com- 
prise titanium trichloride activated by an 
organo-aluminium compound, e.g. an alu- 
minium trialkyl or alkyl haiide in which each 



alkyl group contains from 1 to 8 carbon 
atoms, Wc prefer to use the material obtamed 
by reacting titanium tetrachloride with alu- 
minium aUcyl sesquichloride in a punfied 
alkane solution at about 0°C preferably by VO 
adding a solution of the sesquichloride gradu- 
aUy (e g dropwise) to a solution of titanium 
tetrachloride, using an aluminium/titanium 
molar ratio in the range 0.4—4.0. The pro- 
dua so obtained may be washed with hydro- 
carbon and/or submitted to one or more heat 
treatments between 60° and ISO^C before _ 
use. As activator for this matenal we prefer 
to use dialkyl aluminium chloride. ^ 

Polymerisation is carried out in the absence 
of air and water or in the presence of - only • 
limited amounts of these since m other than 
small concentrations both air and water de- 
activate the catalyst. Conveniently an inert 
hydrocarbon diluent is used as polymerisa- 
tion medium. Nitrogen is often used to purge 
the apparatus beforehand. Super-atniosphenc 
pressure may be used. Hydrogen may be used 
to lower the molecular weight and raise the 
melt flow index of the copolymer composition. 

Free-flowing slurries of polymer in diluent 
are easier to handle and deash than polymer 
solutions or sticky, viscous gels. Slurries are 
formed more readUy at lower temperatures; 
copolymerisation has a tendency to fonn gels. 
We find that conditions at the beginning of 
polymerisation are the most important in deter- 
mining whether or not slurries are formed. 
We therefore prefer initially to homopoly- 
merise one of the components in the absence 
of any other monomer, preferably at a rela- 
tively low temperature, e.g. below 30°C, until 
at least 1% by weight of the final polypier 
composition has been formed. In polymensa- 
tions of this type there is a reduced tendency 
for solutions or gels to form, even when the 
temperature is raised at a later stage m the 
polymerisation. .mo/ 
It may be convenient to form up to iu/o 
by weight of the total amount of the copoly- 
mer composition in this way before, any other 
component is added. The preferred com- 
ponent to use at the beginning of polymerisa- 
tion in this way is propylene; a paracuiarly 
convenient method of carrying out the pro- 
cess of our invention comprises inmally homo- 
polymerising propylene and thereafter homo- 
polymerising the third component m the 
presence of a high concentation of catalyst, 
adding diluent to lower the catalyst concentra- i^V 
tion, and subsequently polymerismg propylene 
and the second component. The term prcr 
treated catalyst" is used hereafter to describe 
a catalyst which has been treated with one or 
more monomers at high catalyst concentrauon 12^ 
and subsequently used at lower catalyst con- 
centration for a further polymerisation. 

Aqueous deashing, e.g. by treating the poly- 
mer slurry with 1—5% by volume, of. an- 
alcohol and then washing with water; may be 
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used, but to obtain copolymer compositions 
of the highest transparency, de-ashing is 
preferably carried out under substantially an- 
hydrous conditions using dry reagents. Non- 

5 aqueous deashing may conveniently be carried 
out in two main ways. One is by adding a 
small quantity of deashing reagent to the re- 
action mixture (if the reaction mixture is a 
solution this will generally serve to precipitate 

10 polymer from it), digesting for a period at 
moderate temperature^ e.g. between 20 and 
60°C, followed by filtration and washing with 
more deashing reagent or hydrocarbon or mix- 
tures of the two. The other is first to separate 

15 all or most of the polymerisation diluent from 
the polymer produced and then to re-slurry 
the polymer one or more times in deashing 
reagent. In the first process the most suitable 
types of deashing reagent are the hydrocarbon- 

25 miscible alcohols such as isopropanol, n- 
butanol/isobutanol or the higher alcohols such 
as 335,5-trimethyl hexanol and isodecanol, and 
higher acids and amines such as n-nonoic acid 
and 35555-trimctliyIhexylamine. Particularly 

25 effective are mixtures of alcohols with com- 
plex-forming carbonyl compounds, such as 
isopropanol mixed with aceylacetone. In the 
second process it is of particular advantage 
to use the lower alcohols, e.g. methanol and 

30 ethanol, because of their cheapness. By means 
of methods such as the above low ash con- 
tents, e.g. below 0.02% by weight, may readily 
be obtained. 

The copolymer compositions of our inven- 

35 tion may be manufactured into sheet, rod, 
films and filaments or fibres by known 
methods. They may be made into articles of 
many kinds by a wide variety of known tech- 
niques, e.g. injection moulding, compression 

40 moulding, extrusion, blow moulding and rota- 
tional casting. Those of relatively high trans- 
parency have many applications in the packag- 
ing field, e.g. in packaging films or bottles. 
The mechanical properties of the copolymer 

45 compounds can to a certain extent be tailored 
to the application for which they are required; 
flexibility is increased by increasing the pro- 
portion of second component in the com- 
position. Higher 1-olefines (e.g. decene-1) in- 

50 crease flexibility more than lower 1-olefines 
(e.g. butene-1). 

The copolymer compositions of our inven- 
tion may be compounded with additives of all 
kinds, e.g. heat and light stabilisers, fillers, 

60 antioxidants, antistatic agents, carbon black, 
pigments, flame retardant materials, slip 
agents. They may also be blended with other 
polymers, e.g. low density polythene, high 
density polythene, polypropylene and butyl 

60 rubber. 

In the following Examples the compres- 
sion mouldings are made in the following 
way : 

The dried polymer obtained is placed in a 
65 2 X 2 X 1/16'' preform and compression 



moulded under a pressure of 20 tons/square 
inch for five minutes. The temperature used 
in compression moulding is 250°C. The 
moulding is then removed from the press 
and either immediately quenched by plung- 70 
ing in cold water or allowed to cool slowly 
in the press. It is found that the mean 
spherulite sizes of the copolymers of our in- 
vention do not generally vary very much 
(frequently by not more than a factor of ^5 
about 2) according to how they are moulded, 
unless the moulding is deliberately cooled 
very slowly or held for a long time at a 
temperature close below the melting point. 

The polymer compositions were compres- 80 
sion moulded because this is a simple way 
of fabricating small polymer samples, but in 
many cases it will be possible to obtain 
better transparency in articles prepared by a 
melt homogenisation process, e.g. extrusion. 85 

Average spherulite sizes are measured by 
photomicrography of the specimen using 
polarised light. The mean spherulite size is 
taken from measurements of the diameters 
of about 100 spherulites. Light transmissions 90 
were measured by ASTM Test D.1746— 62T 
and hazes by ASTM Test D. 1003— 61, the 
specimens being immersed in dimethyl 
phthalate to remove surface scattering. 

In these Examples, low temperature brittle 95 
point was measured by ASTM Test D.746— 
57T, using tinnotched specimens of dimen- 
sions 2.0 X 0.25 x 0.16 cm. bent round a man- 
drel of 0.4 cm. radius by a hammer travelling 
at 7 feet per second. 100 

Flexural modulus was determined after age- 
ing for 14 days by a simple beam bending 
method at 20°C. 

The titanium chloride used in the Examples 
was prepared by reaction of TiCl.i and alu- 105 
minium ethyl sesquichloride in a purified 
hydrocarbon fraction. A solution of the sesqui- 
chloride in this diluent was added gradually 
drop by drop, with stirring, to a solution 
of TiCl4 in the same diluent over a period 110 
of several hours^ the temperature being held 
at 0°C. The molar ratio of total aluminium 
to titanium was approximately 1.6, The re- 
sulting slurry containing TiCla was sub- 
sequently heated for a period at 95^C. It was 115 
introduced into the polymerisation vessel in 
the form of a slurry in hydrocarbon. 

The following Examples illustrate our in- 
vention but do not limit it in any way. 

Examples 1 — 3 120 
A catalyst comprising titanium trichloride 
(prepared in the manner previously described) 
and aluminium diethyl monochloride in a 
molar ratio of 1 mole of the former to 2 of 
the latter was suspended under air- and water- 125 
free^ conditions in a purified high-boiling 
petrol fraaion at 30°C and 9.5 moles propyl- 
ene per mole titanium trichloride were added. 
When polymerisation was substantially com- 
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ashing as carried out as in Examples 1—3; 
the polymer so obtained (generally about 100— 
150 grams) was made into quenched and slow- 
cooled compression mouldings. Properties of 

5 these and other details are shown m Table 
IV. Comparative experiments F to J were 
also carried out in similar manner, but in 
comparative experiments F to H no butene-1 
was present, while in comparative expen- 

10 ments I and J a pretreated catalyst was not 
used. DetaUs of the catalysts given m Table 
IV are as follows: 

Catdyst A was prepared by passmg propyl- 
ene into titanium trichloride and alumimum 

15 diethyl chloride (molar ratio of the former to 
the laner being 1:3) under Ziegler condi- 
tions for about 3 hours at 50°C 3-Methyl- 
butene-1 was then added and polymerisation 
took place for a further 30 hours at 50^C. 

20 The 12 millimole aliquot of titanium tri- 
chloride used in the main polymerisation had 
formed diereon 3.1 grams polypropvlenc and 
2.0 grams poly-3-meihyl-butene-L 

Catalyst B was prepared in the same way 

25 as Catalyst A, but was found to contain 3.1 
grams polypropylene and 2.2 grams poly-3- 
methyl-butene-i in each 12 millimole aliquot 
of titanium trichloride. 

Catalyst C was prepared in the same way 

30 as Catalyst A, but was found to contain 4.9 
grams polyopropylene and 1.6 grams poly-3- 
methyl-butene-1 in each 12 millimole aliquot 
of titanium trichloride. 

Catalyst D was prepared in the same wav 

35 as Catalyst A except that instead of the 
propylene treatment hexene-1 was initially 
polymerised for 6 hours at 50'='C. It was 
found to contain 8.2 grams polyhexene and 
1.8 grams poly-3-methyl-butene-l in each 12 

40 millimole aliquot of titanium trichloride. 



Catalyst X was not subjected to any poly- 
merising preireatment. 

Example 18 

A pretreated catalyst was prepared by mix- 
ing 10 millimoles titanium trichloride with 4!> 
20 millimoles aluminium diethyl chloride 
under polymerising conditions at 30^C and 
treating with 3-methyl butene-l so that 60 
millimoles 3-methyl butene-1 are polymensed 
on the catalyst, . 

The catalyst so obtained was suspended m 
1200 mis. of high boiUng purified petrol 
diluent and a mixture of propylene (160 gm5.) 
and hexene-1 polymerised at 40°C. The re- 
suiting polymer was worked up as m b-x- :>d 
amples 1—3; 160 grams of a product were 
obtained which was shown by mfra-red 
analysis to contain 2% by weight B-methyl 
butene-1 and 13% by weight hexene-1. Com- 
pression mouldings had the foUowmg proper- 60 
ties: quenched, 75% light transmission, 11/, 
haze, means spheruHte size >l.u; slow-cooled, 
54% light transmission, 31% haze, mean 
sphenilite size 2u. 

Examples 19 — 24 65 
A pretreated catalyst was prepared as in 
Example 18, It was suspended in 1200 mis 
of purified high boUing petrol diluent, and 
used to polymerise a niixture of propylene 
(160 grams) and hexene-1 (various amounts) 70 
at 60°C. Both monomers were added steadily 
throughout polymerisation. The resulting poly- 
mer was worked up as in Examples 1 — 3 
and made into compression mouldings, both 
quenched and slow-cooled. Analysis and 75 
various tests were carried out, the results of 
which are shown in Table V. 
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3-methyl pentene-L A sample was ^niUed at 
190°C and then quench moulded from z:>v ^ 
to give a 1/16" plaque having a light trans- 
mission of 54%. 



5 WHAT WE CLAIM IS: — 

1 A solid polymer moulding composiuon com- 
prising a copolymer of propylene, said cona- 
position comprising at least 55% by weight 
propylene monomer units, monomer units ot 

10 a second component, which is a linear 1-olefine 
having from 4 to 18 carbon atoms, in an 
amount of up to 35% by weight and havmg 
dispersed diroughout the composition poly- 
mer units of a third component, which is an 

15 a-olefine whereof the homopolymer has a 
crystalline melting point above 180 Q P^^" 
sent in an amount of up to 10% by weight. 

2 A composition as claimed m claun 1 
which contains at least 2%. by weight of the 

20 second component. 

3 A composition as clauned in claim 
in which the second component is butene-1, 
hexene-1 or occene-1. 

4 A composition as clauned in either or 
25 claims 2 or 3 in which the third component 

is such that its homopolymer has a crystal- 
line melting point above 260°C. 

5 A composition as claimed in claun 4 
in which the third component is 3-methyl 

30 butene-1 or 3-methyl pentene-1. 

6 A composition as claimed m any or 
claims 2 to 5 which when quench cornpres- 
sion moulded has a mean spheruhte size of 

below 1^. - J • 

35 7 A composition as claimed in any or 
claims 2 to 6 which when quench moulded 
in 1/16" section shows a light transmission 

of at least 40%.. , - ^ - 

8 A composition as claimed m any or 
40 claims 2 to 8 which also contains ethylene 

monomer units. . ^ - * 

9 A composition as claimed m any or 
claims 2 to 8 substantiaUy as described with 
reference to any of Examples 1 to 17. 

45 10 A composition as claimed m any ot 
claims 2 to 8 substantially as hereinbefore de- 
secribed, particularly with reference to any ot 
Examples 18 to 25. 

11 A shaped article, including a sheet, 
50 rod, film, filament or fibre, made from a com- 
position as claimed in any of claims 2 to v 

or 34. ^ - - 

12 A process for making the composition 
claimed in claim 1 which comprises bringing 

55 propylene, the second component and the third 
component into contact with an «-olefine poly- 
merisation catalyst and recovering a solid co- 
polymer composition comprising at least 55 
by weight of propylene monomer units, mono- 

60 mer units of the second component in an 
amount of up to 35% by weight and poly- 
mer units of the third component in an amount 
of up to 10% by weight. 

13. A process for making a composition 



as claimed in any of claims 2 to 8 which 65 
comprises bringing propylene, the second com- 
ponent and the third component ^ contact 
with an ^-olefine polymensauon catalyst and 
recovering a soUd copolymer composinon com- 
prising a? least 55% by weight of P^opyk^^^ 
monomer units, from 2 to 35% by weight of 
monomer units of the second -ornponent 
polvmer units of the third component m an 
amount of up to I0%o by weight. 75 

14 A process as clamaed in claim 13 m 
which die a-olefine polymerisation catalyst is 
a stereospecific catalyst (as herembefore de- 

^15^' A process as claimed in claim 14 in 
which the stereospecific catalyst comprises 80 
titanium trichloride activated by an organo- 
aluminium compound. 

16 A process as clamied m clami 14 in 
which the titanium trichloride is obtained by 
reducing titanium tetrachloride with alu- 85 
minium alkyl sesquichloride ^ . ^ P^^^f 
alkane medium with stirrmg m an mert atmos- 

^^17^ ^ A process as claimed in claim 16 in 
which the reduction is carried out by addmg 90 
the aluminium alkyl sesqmchlonde hi alkane 
solution graduaUy to an aUcane solution of 
the titanium tetrachloride. moJttk; 

18 A process as claimed m any of claims 
15 to 17 in which the organo-alummium com- y:^ 
pound is dialkyl aluminium chloride 

19 A process as claimed m claun 13 in 
which the third component is P^ly^^^^^^^*^^^^" 
fore any substantial quanuty of any other 
monomer has been polymerised 

20 A process as claimed m claun 
wherein the third component is P^^^Y^^^^;?^^^^ 
subsequent to the polymerisation of another 

"^Tr A process as claimed in claim 20 in 105 
which propylene, the second component and 
The third component are aU present together 
n the polymerisation zone and polymensation 
s carried out for a time sufficient to poly- 
merise substantially all the propylene and 110 
Se second component and subsequently to 
polymerise at least some of the thnrd com- 

^""22"'' A process as claimed in ^'laim 19 
wherein the third component is polymerised 115 
in a separate prelimmary stage . . . 

23 A process as claimed in claim 20 
wherein iniually propylene or second com- 
ponent is polymerised m ^niaU amoum sub^ 
scquendy die third component is polymerised 120 
and thereafter the bull, of the propylene is 
polymer^ed^^^^^^^ as claimed in claim 23 
wherein the initial polymerisation of propyl- 
ene or second component and the subsequent 125 
polymerisation of third component are earned 
out in a separate prelimmary stage. 

25 A process as claimed m any of claims 
14 to ^4 in which one monomer is imtially 
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homopolymerised in the absence of any other 
monomer until at least 1% by weight of the 
final polymer product has been formed. 

26. A process as claimed in claim 25 in 
which the temperature of the initial homo- 
polymerisation is at or below 30°C. 

27. A process as claimed in either of 
claims 25 or 26 in which up to 10% by weight 
of the final polymer product is formed in the 
initial homopolymerisation. 

28. A process as claimed in any of claims 
25 to 27 wherein initially propylene is homo- 
polymerised and thereafter the third com- 
ponent is polymerised in the presence of a 
high concentration of catalyst, diluent is then 
added to lower the catalyst concentration and 
subsequently propylene and the second com- 
ponent are polymerised. 

29. A process as claimed in any of claims 
13 to 28 in which the polymer composition 



obtained is deashed under substantially an- 
hydrous conditions using dry reagents. 

30. A process as claimed in claim 29 in 
which a mixture of alcohol and acetyl acetone 

is used as deashing agent. 25 

31. A process as claimed in any of claims 
13 to 30 in which hydrogen is added dur- 
ing polymerisation. 

32. A process as claimed in any of claims 

13 to 31 substantially as described with refer- 30 
ence to any of Examples 1 to 17. 

33. A process as claimed in any of claims 
12 to 31 substantially as hereinbefore de- 
scribed, particularly with reference to Ex- 
amples 18 to 25. 35 

34. A polymer composition made by the 
process claimed in any of claims 13 to 33. 

T. WAGE ROBERTS, 
Agent for the Applicants. 
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